Short-term culture of peripheral blood mononuclear cells (PBMC) derived from patients with human T cell lymphotropic virus type I-associated myelopathy (HAM)/tropical spastic paraparesis resulted in dominance by DR+ activated CD8+ T cells. Variations in the T cell receptor (TCR) V alpha and V beta chains in these cells were analyzed, and in all 10 patients examined, 2-3 V gene families were dominant in both TCR V alpha and V beta. In five patients we examined, cultured lymphocytes contained cytotoxic lymphocytes for p40tax (patients HAM2, 3, 7, and 8) or env protein (patient HAM4) of human T lymphotropic virus type I. In patients HAM2 and HAM8, cultured lymphocytes contained a large proportion of V beta 8+ CD8+ and/or V beta 12+ CD8+ cells. The sequence of V beta 8+ and V beta 12+ cDNA revealed that they were oligoclonal with identical or similar sequences in each patient. Elimination experiments with monoclonal antibodies for TCR V beta 8 and V beta 12 showed that they were CD8+ cytotoxic T lymphocytes (CTL) for p40tax. In addition, flow cytometry and sequencing analysis of uncultured PBMC revealed that in HAM2, V beta 8+ CTL and their precursors account for 7% and V beta 12+ CTL and their precursors account for 18% of total CD8+ cells. 
Introduction
CD8' cytotoxic T lymphocytes (CTL)1 are widely accepted as being the primary effectors against virus-infected cells. They elopathy; HTLV-I, human T cell lymphotropic virus type I; PE, phycoerythrin; r, recombinant; RT-PCR, reverse transcription-polymerase chain reaction; TCR, T cell receptor.
specifically recognize the peptides encoded by viral genomes in the context of MHC class I molecules, leading to the destruction of virus-infected cells. The virus-specific CTL precursor frequencies in these viral infections have been quantitated by limiting dilution assays, ranging from 2-100/106 peripheral blood mononuclear cells (PBMC) in Epstein Barr virus (EBV), varicella-zoster virus, and human cytomegalovirus (1) (2) (3) . Relatively higher frequencies of up to 488/106 PBMC were observed in human immunodeficiency virus type I depending upon the target molecules and disease status (4) .
The presence of virus-specific T cells and their precursors has also been identified in individuals infected with human T lymphotropic virus type I (HTLV-I), which is closely associated with adult T cell leukemia (5-7) and HTLV-I-associated myelopathy/tropical spastic paraparesis (abbreviated as HAM [HTLV-I-associated myelopathy] throughout this manuscript) (8-1 1). In particular, in patients with HAM, dominant humoral as well as cellular responses against HTLV-I were commonly observed (12) (13) (14) . In the recent report, HTLV-I-specific CTL precursor frequencies in HAM patients have ranged between 1/75-1/320 PBMC, 40-280-fold higher than those in asymptomatic HTLV-I-infected individuals (15) .
Here we report our analyses of the T cell receptor (TCR) V gene and clonality of CD8' T cells derived from HAM patients cultured for a short term in the absence of exogenous antigen stimulation. These CD8' cells are likely oligoclonal CTL specific for HTLV-I. The possible mechanism that results in the dominance of virus-specific CTL clones is also discussed.
Methods
Cells and cell cultures. PBMC from HAM patients and normal individuals were isolated from heparinized venous blood by Ficoll-Conray density gradient centrifugation and cultured in RPMI 1640 with 20% fetal calf serum (FCS) and 400 IU/ml recombinant IL-2 (rIL-2) (Takeda Pharmaceutical Co., Osaka, Japan). B lymphoblastoid cell lines (EB-B cells) were established by the standard EBV transformation of PBMC (16) .
Antibodies. The mAbs were as follows: anti-CD4 mAb, OKT4; anti-CD8 mAb, OKT8; anti-CD3 mAb, OKT3 (American Type Culture Collection, Rockville, MD); anti-MHC class H DR mAb, NL-12 (provided by Dr. R. Ueda, Aichi Cancer Center Institute, Nagoya, Japan); Rphycoerythrin (PE)-conjugated anti-human CD4 mAb, DAKO-CD4 (DAKOPATTS, Copenhagen, Denmark); R-PE-conjugated anti-human CD8 mAb, DAKO oligo-dT14 primer and PCR was performed as described (18, 19 DNA sequencing. To sequence the TCR genes, after 26 cycles of PCR using Vf38 or Vf312 primers as 5'-primers and the C/3 3'-primer, PCR products were cloned into pT7Blue(R)T-Vector (Novagen, Inc., Madison, WI). Cloned inserts were sequenced using the Taq Dye Primer Cycle Sequencing kit (Applied Biosystems, Inc., Foster City, CA) with the DNA sequencer (model 370A; Applied Biosystems, Inc.).
Preparation of autologous EB-B cells infected with recombinant vaccinia viruses. HTLV-I genome was selectively expressed (20) (21) (22) (23) in the following recombinant vaccinia viruses: LO5-gag for expression of p19, p24, and p15; LO5-env for expression of gp62, gp46, and gp2l; LOS-40x for expression of p40; and LO5-HA-as a vector control. Details of the HTLV-Vlvaccinia recombinants have been described elsewhere (20) (21) (22) . EB-B cells were infected with vaccinia recombinants for 36-40 h, then the antigen expression was checked using mAb REY-7(rat IgG) (24) for env protein, mAb ATLV1 1 (a gift from Dr. R. Ueda) for gag protein, and mAb Lt4 (25) for p40w protein.
Cell-mediated cytotoxicity assay. The method has been described previously (26) . Cells labeled with Na25tCrO4 (1 X 104/100 pl) were incubated with a serially diluted effector cell suspension (100 ,ul) in 96-well round-bottomed plates for 4 h at 37°C in 5% CO2. Vp family 19 20 Vp family (27) . After incubation, nonadherent cells were collected and used as effector cells for the cell-mediated cytotoxicity assay as described above.
Results
Clonal expansion of CD8+ cells in PBMC derived from HAM patients. Short-term cultures (10-14 d) of PBMC derived from HAM patients in the presence of rIL-2 at 400 IU/ml resulted in the dominance of CD8+ DR' T cells in all 10 samples studied. No CD8' T cell dominance was observed in PBMC derived from normal volunteers and cultured under similar conditions. An example is shown in Fig. 1 , and a summary of analyses of 10 HAM patients (HAMl-10) and 3 normal individuals is shown in Table I . Specific lysis (%) Figure 6 . Fig. 2 (28, 29) . After 22 PCR cycles, Southern blots were performed with the oligo probes listed in Fig. 2 Repeated experiments with samples taken on different occasions from the same patients showed essentially similar results (Fig. 5) . This indicates that the dominance of a limited number of V gene families in cultured lymphocytes is predetermined in each patient rather than due to artificial variations among culture conditions.
Presence of CTL against HTLV-I genome products in shortterm cultured PBMC derivedfrom HAM patients. We examined whether cultured lymphocytes of HAM patients were reactive with HTLV-I genome products. Autologous EB-B cell lines derived from HAM patients were infected with recombinant vaccinia viruses to selectively express HTLV-I gag, env, and pX (p40') genes. As shown in Fig. 6 (Fig. 9) (5) PBMC from nine HAM patients were cultured for 2 wk in RPMI 1640 with 20% FCS and 400 IU/ml of rIL-2, and the total RNA and cDNA were prepared. 22 PCR cycles were performed using TCR Va S'-primers and the Ca 3'-primer or TCR V,/ S'-primers and the C/I 3'-primer, then PCR products were separated on an acrylamide gel and stained with ethidium bromide. The expression of TCR V families was considered dominant when a PCR band was clearly visualized after ethidium bromide staining. total CD8+ T cells are CTL clones and their precursors with Vf68 and VB12, respectively. On the other hand, all of 10 randomly picked up V/8' cDNA in HAM8 were mutually different; only one clone was identical with the five clones found in cultured lymphocytes as described before (Tables II and III) .
Absence of common dominant V gene families in cultured HAM lymphocytes. Since dominant V gene families in cultured lymphocytes derived from HAM patients likely represent those of TCR on CTL against HTLV-I genome products, the usage of TCR genes in 10 patients was examined to determine whether there is any common V gene usage. The dominance of TCR V gene usage in these patients was also analyzed with respect to the patients' HLA haplotypes. No particular tendency was observed in either analysis (Table IV) .
Discussion
The presence of CD8+ CTL for HTLV-I+ cells in PBMC derived from HAM has been repeatedly reported (32) (33) (34) (35) 
